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Fluid levels appearances are not uncommon findings in different diagnostic modalities including radiography, ultrasound, computed
tomography, and magnetic resonance imaging. The significance of such signs varies according to the involved sites and the clinical settings.
Familiarity with their imaging features and their diagnostic value as well as their clinical implication are of paramount importance for the
radiologist and the clinician. We aim to review a spectrum of examples of fluid levels encountered with different modalities in paediatric
imaging and discuss their appearances and clinical significances.Re´sume´
Il n’est pas rare d’observer la pre´sence d’un niveau liquide-liquide par diffe´rentes modalite´s diagnostiques, comme la radiographie,
l’ultrasonographie, la tomodensitome´trie et l’imagerie par re´sonance magne´tique. Le sens a` donner a` un tel signe varie selon la re´gion du
corps touche´e et les conditions cliniques. Il est absolument essentiel pour les radiologistes et les cliniciens de bien connaıˆtre ses caracte´r-
istiques d’imagerie, sa valeur diagnostique ainsi que ses re´percussions cliniques. Nous visons a` pre´senter un large e´ventail de cas de niveau
liquide-liquide vus en imagerie pe´diatrique de´tecte´s par diffe´rents moyens et a` analyser leur pre´sence ainsi que leur signification clinique.
 2011 Canadian Association of Radiologists. All rights reserved.
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Fluid levels are not uncommon findings in different
diagnostic modalities, including radiography, ultrasound,
computed tomography (CT), and magnetic resonance
imaging (MRI). Familiarity with their imaging features and
their diagnostic value as well as their clinical implication are
of paramount importance for the radiologist and the
clinician. The observation of fluid levels in imaging requires
the presence of a cavity and immiscible fluids identified on
an image that is vertically oriented [1]. Fluid levels are
variable in nature: air-fluid vs fluid-fluid vs fluidelayering
material levels.
Multiple entities at different sites carry these signs:
cavities or infectious lesions or structures that communicate
with the airways seen on chest radiographs or CT. Air-fluid
levels are common in normal bowel, but multiple ones (>3* Address for correspondence: Mohammed O. S. Alotaibi, MD, Diagnostic
Imaging, Department, Hospital for Sick Children, 555 University Avenue,
Toronto, Ontario M5G 1X8, Canada.
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doi:10.1016/j.carj.2010.04.014air-fluid levels) usually indicate intestinal obstruction [2]. If
an air-fluid level is seen on CT of the peritoneal cavity, then
it means gastrointestinal-tract perforation or abscess collec-
tions. In the pelvic or cervical masses, a fluid-fluid level
likely heralds a hemorrhagic complication. Different stages
of hemorrhage may be delineated with fluid levels on CT of
a subdural hematoma. An MRI brings more sensitivity to
tissue contrast compared with ultrasound and CT (different
signal intensities of acute or chronic hemorrhage, slow
flowing blood) [3]. A lipohemarthrosis level means
communication between marrow space and the joint space in
skeletal trauma. Fluid-fluid levels, a nonspecific sign in
musculoskeletal neoplasms, are encountered in aneurysmal
bone cyst (ABC), synovial sarcoma, or bone cyst, and most
of bony and soft tissue lesions with internal hemorrhage. The
significance of such signs varies according to the involved
sites and the clinical settings.
The educational objective is to review a spectrum of
examples of fluid levels encountered with different modali-
ties in pediatric imaging and discuss their appearances and
clinical significance. The iconography is selected from an
institutional Research Ethics Board (REB)-approved reviewll rights reserved.
Figure 1. An 11-year-old boy, on heparin for prosthetic cardiac valve, presented with severe headache and neck pain. (A, B) Axial computed tomographies of
the brain, depicting multiple bilateral subdural hematomas: bleeding right to the posterior falx and also the right parafalcine that extended to the vertex, left
temporal, occipital, parietal, and frontal subdural hematomas, with components of varying attenuation and fluid-fluid levels (multiple arrows).
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under key words of radiology reports: fluid levels and
radiograph, ultrasound, CT, and MRI. Data were gathered
according to patient age, imaging modality, anatomic region,
type of fluid level, and diagnostic category (congenital,
acquired, and neoplastic disease). A cross-tabular frequency
table was used for frequency calculation in selected diseaseFigure 2. A 7-year-old boy with bilateral otomastoiditis. An axial computed
tomography, showing air-fluid levels within multiple mastoid air cells
(arrows).with which the fluid level appearance was commonly
described in the literature.
Head and Neck
Fluid-fluid levels are not uncommon findings in the head-
neck area and are reported in the imaging literature [4,5]. We
found 134 patients (age range, 1 daye17 years) who
demonstrated such features in the head-neck region. The
diagnostic category varied considerably according to age:
congenital lesions were found in 31 patients (23.2%); they
were frequently encountered in the neonatal age group,
whereas the acquired and neoplastic diseases associated withFigure 3. Left neck lymphatic malformation (cystic hygroma) in a neonate.
Axial enhanced computed tomography, showing multiple fluid-fluid levels,
with different layering fluid densities (transverse arrows). The appearance is
produced by internal hemorrhage.
Figure 6. A 13-year-old girl with left nipple exudative discharge and left
mastitis. Transverse ultrasonography of the left breast at the nipple area,
showing multiple anechoic structures, with dependent internal debris
(multiple arrows) consistent with dilated infected lactiferous ducts.
Figure 4. Infected congenital cystic adenomatoid malformation in a 5-year-
old boy. Axial computed tomography of the lung, showing a large cavitary
lesion that involved the left upper lobe with an air-fluid level (arrows);
smaller cysts are noted medially, and an adjacent pneumonic consolidation is
present anteromedially.
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children. In our series, the acquired and the neoplastic
abnormalities are seen in 78 patients (58.2%) and in 25
patients (18.6%), respectively. The acquired lesions
consisted of paranasal sinuses disorders, with a fluid level
that was either trauma related or from sinusitis, cepha-
lohematoma, intracranial hemorrhage (Figure 1), mastoiditis
(Figure 2), or intracranial abscess. The congenital
lesions included lymphatic malformation (cystic hygroma)Figure 5. A 13-year-old girl with extensive left axilla and left thoracic wall
venolymphatic malformation. An axial short-time inversion recovery image
of the left upper chest wall, showing different fluid density within the
posterior lymphatic lake and fluid level (arrow) from internal bleeding.
Figure 7. An 8-year-old boy with achalasia of the esophagus. Ante-
roposterior esophagogram, showing smooth tapering and narrowing of the
distal esophagus caused by lower esophageal sphincter dysfunction. Prox-
imal dilatation and air-contrast level are seen (multiple vertical arrows).
Figure 8. A 7-year-old girl with abdominal trauma. (A) Axial enhanced computed tomography of the upper abdomen, and (B) ultrasound of the gallbladder,
showing soft-tissue density within the second part of the duodenum (arrow) and fluid-layering density level (multiple arrows) within the gallbladder consistent
with duodenal hematoma and blood within the gallbladder.
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congenital cyst with internal bleeding. The neoplastic
etiologies ranged from primary parenchymal disease to skull
and mandibular bone lesions. Hemorrhagic or necrotic
masses are commonly seen among this group. Hemorrhagic
tumours include craniopharyngioma, aneurysmal bone cyst,
ossifying fibroma of the mandible, and epidermoid of the
skull.
Thorax
A fluid-level appearance within the lungs, pleural space,
mediastinum, and the chest wall is not uncommon, and
usually has diagnostic and sometimes pathologic implica-
tion. Intrapulmonary cavitary lesions with air-fluid levels are
usually caused by communication with the tracheobronchial
tree or the presence of gas-forming organisms. The differ-
ential diagnosis ranges from lung abscess [6], posttraumatic
or postinfectious pneumatocele, lung laceration, and necrotic
tumours. Septic emboli and Wegener granulomatosis, as well
as papillomatosis, can cavitate, with a subsequent air-fluid
appearance.
The congenital anomalies that show air-fluid level
features include congenital pulmonary airway malformation,
formerly known as congenital cystic adenomatoid
malformation (Figure 4) and intrapulmonary lymphaticFigure 9. A 3-year-old boy with distal intestinal obstruction syndrome
of cystic fibrosis, presented to the emergency department with abdominal
pain and vomiting. Erect abdominal radiograph, showing a pattern of small-
bowel obstruction, including bowel distension, air-fluid levels (multiple
arrows), mucosal fold thickening, and mixed feces with air. This was treated
successfully with a cleansing enema (Mucomyst; 20% acetylcysteine;
Sandoz Canada Inc., Que´bec City, Canada.).
Figure 10. Two examples of fluid-fluidelevel appearance in the abdomen. (A) Transverse ultrasonography (US) of the upper abdomen in a 9-year-old boy with
complicated pancreatitis and pancreatic pseudocyst, showing a fluid-fluid level (arrows). (B) Longitudinal US of the right adnexa in a 2-month-old girl with
a hemorrhagic right ovarian cyst (arrows).
Figure 11. Iatrogenic hematoma in a 16-year-old boy with a history of
dropping hemoglobin. An axial enhanced computed tomography of the
abdomen, showing instrumentation of the spine, with large posterior para-
spinal collection and a fluid-fluid level (arrow) consistent with acute
hemorrhage.
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tinal abnormalities, for example, bronchogenic cyst, with
different top and bottom densities and with clear demarcation
between the fluid types or the presence of dependent debris.
Mediastinal or chest-wall lymphatic malformations have
been shown to commonly demonstrate fluid-fluid levels,
likely because of intralesional bleeding (Figure 5).
Mediastinal teratoma has been reported with a demon-
strable fluid-level appearance [7], in addition to its dis-
tinguishing imaging characteristics. Chest-wall abscesses can
also demonstrate air-fluid levels, depending on the causative
organism (Figure 6).
The radiographic appearances of pleural effusion are
variable, and fluid level is only observed if gas is also
introduced into the pleural cavity to form a hydro-
pneumothorax or after pneumonectomy.
Abdomen
Fluid levels within the abdomen can be detected in a wide
variety of disease processes and within various solid and
hollow viscous organs (Figures 7 and 8). Fluid levels are
commonly observed within the bowel in normal and
abnormal cases, specifically on radiographs obtained in the
upright position and on lateral shoot through abdominal
views; however, an excessive number or size may indicate
functional or mechanical obstruction (Figure 9) [8]. Fluid
levels might be detected in potential spaces such as perito-
neum and its reflections [9], particularly if bowel contents
accumulate after perforation or penetrating trauma. Different
fluid densities within the peritoneum would, most of the
time, correlate with hemoperitoneum and, if associated with
free air, would indicate bowel perforation. Postoperative
collection, necrotic tumour, and intramuscular and retroper-
itoneal bleeding usually demonstrates different fluid densi-
ties, because of gravity-dependent red blood cell
precipitation (Figures 10e12).A fluid-level appearance in the scrotum is usually
secondary to dependent debris within a hydrocele or scrotal
abscess. Advanced testicular torsion with internal necrosis
and hemorrhage can give a fluid-fluid level. In any occasion,
the presence of intratesticular fluid levels in the setting of
a testicular torsion commonly reflects necrosis and dead
tissue (Figure 13).Musculoskeletal System
The fluid-fluid level appearance within bone or soft-tissue
lesions has been extensively described in the literature. This
was initially thought to be pathognomonic for specific
Figure 13. A 3-year-old boy with late presentation of advanced right testicular torsion. (A) Grey scale transverse ultrasonography (US) of the right testicle,
showing necrosis of the testicular parenchyma, with internal liquefaction and different fluid density, and dependent echogenic fluid, likely blood (arrows). A
significantly thickened scrotum is noted. (B) Colour-flow US image, showing reactive hyperemia of the surrounding tissue, with absent internal testicular flow.
This figure is available in colour online at http://www.carjonline.org/.
Figure 14. Left patellar dislocation in a 10-year-old girl. (A) Cross-table radiograph of the left knee joint, showing a suprapatellar joint effusion, with different
fluid density (transverse arrow). (B) Axial computed tomography of both knees, showing clearly a fat (upper) fluid (lower) level (arrow), consistent with
lipohemarthrosis; a laterally subluxed left patella is evident.
Figure 12. A 10-year-old girl presented with urinary retention. She was known to have an absent right kidney and uterine didelphys; she presented with
obstructed right hemivagina. Magnetic resonance imaging, axial T2 WI with fat sat (A), and T1 WI (B), revealing a dilated right hemi-uterus, folded posteriorly
with layering blood products (arrow) in the fundus (hematometra), with right hematosalpinx (*).
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Figure 15. Clear cell sarcoma of the left elbow and left proximal forearm. Axial fat sat T2 WI (A) and axial T1 WI (B) of the left proximal forearm, showing
multiloculated soft-tissue mass, with multiple fluid-fluid levels (arrows).
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later on, it was reported in many other soft-tissue and bone
tumours [10e14]. The significance of this diagnostic
appearance is still valid if other diagnostic criteria of the
lesion have been considered.
A fat-fluid level caused by lipohemarthrosis is secondary
to a communication between bone marrow space and joint
space in skeletal trauma (Figure 14). Observation of the fluid
levels should prompt the radiologist to consider diagnosesFigure 16. A 9-year-old boy with aneurysmal bone cyst of the left distal hume
expansile, nonaggressive, well-defined distal metaphyseal lytic lesion. (B) Axial T
lesion with fluid-fluid level (arrow).such as aneurysmal bone cyst, telangiectatic osteosarcoma,
giant cell tumours, and simple bone cyst. Synovial sarcoma
is the most common malignant soft-tissue tumour to
demonstrate fluid levels, but the findings are nonspecific and
can occur in other soft-tissue lesions (Figure 15). During our
study period, we found 12 patients with a radiologic and
pathologic diagnosis of aneurysmal bone cyst. The age of the
patients ranged from 5e17 years (mean, 13 years). The site
of involvement was ubiquitous: 4 in the femur (33.3%), 2 inrus. (A) Anteroposterior view of the left humerus, showing multiloculated,
2 fat sat WI magnetic resonance imaging at the same level, showing a cystic
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following sites (8.3%): the pelvis, the posterior element of
the spine, the radius, and the scapula. MRI showed fluid-fluid
levels in 8 of 9 examinations (Figure 16).
Summary
In our pictorial review and the retrospective analysis of
the lesions that are commonly associated with a fluid-level
sign, we showed the implications and the diagnostic value
of this imaging sign. Fluid levels may occur whenever
substances of differing densities are contained within a cystic
or a compartmentalized structure. The levels are depicted
when imaging is performed in a gravity-dependent plane in
the human body. Four substances with different densities are
commonly encountered: water, air, fat, and solid. The fluid
levels, therefore, can be classified into 3 groups: air-fluid, fat-
fluid, and fluid-layering solid (precipitate).
Since their initial observation on both CTs and MRIs of
the ABC, fluid-fluid levels have been identified in many
other lesions, benign or malignant, and leads to the conclu-
sion that they are nonspecific findings [5]. Nevertheless,
fluid-fluid levels are so useful if used in conjunction with
other radiologic findings and clinical presentation to differ-
entiate between benign- and malignant-appearing lesions, for
instance ABC can be diagnosed radiologically by virtue of
a fluid-fluid level sign on MRIs with other nonaggressive
radiologic features. In conclusion, fluid levels are commonly
observed with a range of imaging techniques in both normal
and abnormal circumstances, and the image interpreter
should be aware of the significance of this appearance and
the mechanism by which it has been formed.References
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